Background: Nasal packing is commonly performed after functional endoscopic sinus surgery (FESS). However, nasal packing is associated with higher cost (owing to the cost of packing materials), patient discomfort, delayed wound healing, and concern about toxic shock syndrome. Some surgeons have been performing FESS without packing, but there are few studies that show its safety.
F unctional endoscopic sinus surgery (FESS) is commonly performed in patients with chronic rhinosinusitis. Although FESS is a minimally invasive procedure, some amount of intraoperative bleeding is inevitable. Surgeons attempt to minimize the bleeding risk by prescribing oral corticosteroids for patients with nasal polyposis or antibiotics for patients with exacerbated infection. Mucosal decongestion is usually conducted immediately before surgery by packing the nasal cavity with vasoconstrictor-soaked gauze or by diluted epinephrine injection, and hypotensive anesthesia is commonly maintained during surgery. Even so, it is not uncommon for some bleeding to persist at completion of the surgery. The main reasons for performing nasal packing after FESS seems to be difficultly in maintaining complete control of persistent bleeding and concerns about rebleeding during recovery due to elevation in blood pressure. In addition, nonabsorbable or absorbable packing may potentially be advantageous in preventing the middle meatus or sinus ostia from narrowing by playing a role as a stent. 1, 2 Thus, nasal packing is commonly performed at the end of the operation despite several disadvantages of nasal packing. The inherent disadvantages of nasal packing include patient discomfort (nasal obstruction, sinonasal pain, headache, and sinonasal discharge because of packing materials), fear or rebleeding associated with packing removal, delayed wound healing, risk of toxic shock syndrome, and the high cost of packing materials. [3] [4] [5] [6] [7] Patients often consider packing removal to be the most unpleasant experience of their operation. [3] [4] [5] Absorbable materials have frequently been used to minimize the problems associated with packing removal. [8] [9] [10] [11] [12] [13] However, these materials may have a negative influence on the wound healing process, [14] [15] [16] and they can sometimes be an impediment to follow-up endoscopic examination. Therefore, packing removal may still be necessary during postoperative care. Absorbable packing materials also tend to be expensive. 10, 17 Also, some studies indicate that nasal packing is not advantageous for enhancing the healing process after FESS. 3, [15] [16] [17] [18] Nonetheless, many sinus surgeons are likely to think that nasal packing is necessary, mainly because evidence that supports the safety of no packing is lacking. The purpose of the current study was to evaluate the safety of FESS with the electrocauterization and no-packing technique.
METHODS

Patients
Consecutive patients with chronic rhinosinusitis who had undergone bilateral FESS by a single surgeon (J.-W.K.) at a single sinus surgery center from September 2012 through October 2014 were enrolled. All the patients had endoscopic bilateral complete frontoethmoidectomy, and clearance of the maxillary sinuses was conducted with wide antrostomy. When the patients had sphenoid sinusitis, the sphenoid sinuses were cleared after the natural ostia were widely opened. Patients with abnormal prothrombin and partial thromboplastin time were excluded. Patients who were using anticoagulants were instructed to stop the medication 1 week before surgery and to resume medication 1 week after surgery. Other drugs, including antihypertensive agents, were continued. Medical records were retrospectively reviewed, and a total of 490 patients (242 in the Surgicel packing group and 248 in the electrocauterization and nopacking group) were included. The mean age was 44. European position paper on rhinosinusitis and nasal polyps. 19 The study was approved by the institutional review board of Seoul National University Bundang Hospital.
Packing and No-Packing Techniques
All of the FESS procedures were performed with the patient under hypotensive general anesthesia to maintain a systolic blood pressure of Ͻ100 mm Hg. Surgicel packing (Ethicon, TX) was performed in all patients who were enrolled during the first half of the study period; whereas those enrolled later underwent FESS, followed by electrocauterization and no packing because the packing technique policy was changed by us from Surgicel packing to electrocauterization and no packing. In both groups, the nasal cavity was decongested for Ͼ15 minutes immediately before surgery by using pieces of gauze soaked in a mixture of 1:100,000 diluted epinephrine and 4% lidocaine. After removal of the gauze, a mixture of 1:100,000 epinephrine (Jeil Pharmaceutical) and 1% lidocaine (Dai Han Pharm) was injected into the anterior ethmoid and sphenopalatine arterial territories. Intermittent packing with pieces of epinephrine-soaked gauze was applied for hemostasis during the operation.
In all the surgical procedures performed in the packing group, the sinus cavity was packed by using multiple pieces of Surgicel packing at the completion of the operation. Electrocauterization was not performed in the packing group. The Surgicel packing was spontaneously degraded during the postoperative follow-up period of 2-4 weeks, and the degraded packing fragments were gently removed by nasal suction. In the electrocauterization and no-packing group, bleeding vessels were electrocauterized with suction coagulators. When arterial bleeding was encountered, electrocauterization was performed immediately. Most of the intraoperative bleeding during FESS was in the form of mucosal oozing, which could largely be controlled by intraoperative temporary epinephrine-soaked gauze packing. There was minimal requirement of electrocauterization, which was only needed when mucosal oozing persisted despite tem-porary packing. The patients were awakened from general anesthesia without sinonasal packing on confirmation that intraoperative hemorrhage was completely controlled. Primary bleeding was defined as hemorrhage within the first 24 hours after surgery, and delayed bleeding occurred Ն24 hours after surgery. In both groups, silastic sheets were inserted as stents in the middle meatus to prevent synechia formation between the middle turbinate and the lateral nasal wall.
Statistical Analysis
Differences of clinical parameters between the two groups were tested by using the Mann-Whitney U test or Student's t-test. Fisher's exact test or the Pearson 2 test was used to evaluate the difference of patient risk factors between the two groups. Logistic regression analysis was performed to identify the effect of electrocauterization and no packing on postoperative bleeding after adjusting for confounding factors. SPSS statistical software version 18.0 (SPSS Inc., Chicago, IL) was used for statistical analyses. A p value of Ͻ0.05 was considered statistically significant.
RESULTS
Patient Characteristics
A total of 490 patients (242 in the packing group and 248 in the no-packing group) were enrolled in this study. The mean age was 44.4 years (range, 6-82 years), and 59.2% of the patients (n ϭ 290) were boys and men. The mean (standard deviation) Lund-Mackay score was 12.7 Ϯ 4.8. There were 58 children (11.8%) Ͻ19 years of age. A total of 50 patients (10.2%) had a previous history of sinus surgery due to chronic rhinosinusitis. There was no significant difference in the mean age, Lund-Mackay score, sex ratio, and the extent of surgery between packing and no-packing groups ( Table 1) .
Concomitant Disease and Use of Anticoagulants
There was no significant difference between the two groups in the prevalence of concomitant disease, including hypertension, diabetes, and asthma ( Table 2 ). The no-packing group had fewer patients with allergic rhinitis and more smokers. The number of patients who had used anticoagulants before surgery was 12 in the packing group (4.8%) and 18 in the no-packing group (7.4%) (p ϭ 0.226). 
Postoperative Hemorrhage
Primary bleeding did not occur in the Surgicel packing group, but 11 patients (4.4%) had delayed bleeding. Primary bleeding occurred in four patients (1.7%) in the electrocauterization and no-packing group, and five patients (2.1%) had delayed bleeding. There were no significant differences in the rates of primary (p ϭ 0.058) and secondary (p ϭ 0.142) postoperative bleeding between the two groups ( Table 3 ). All cases of postoperative bleeding were minor and easily controlled by temporary packing with epinephrine-soaked gauze.
Association between the Electrocauterization and No-Packing Technique and Postoperative Bleeding
Logistic regression analysis indicated that there was no significant association between no packing and postoperative hemorrhage (adjusted odds ratio, 1.529 [95% confidence interval, 0.576-4.064]; p ϭ 0.394) after adjusting for age, sex, Lund-Mackay score, hypertension, diabetes mellitus, allergic rhinitis, asthma, use of anticoagulants, and smoking (Table 4 ).
DISCUSSION
Other investigators showed that a no-packing technique after FESS is safe and efficacious for patients with chronic rhinosinusitis. [15] [16] [17] However, evidence in the literature is not yet sufficient, and many sinus surgeons still prefer to pack the sinonasal spaces at the completion of surgery. Local anesthesia injection, use of local vasoconstrictors, and careful operative technique can minimize the need for nasal packing after FESS. 3 Patient discomfort after FESS can be minimized by a no-packing technique. 15 However, there are some reports that concluded that no packing has a higher risk of postoperative bleeding. 20, 21 To the best of our knowledge, ours is the first study to compare the rates of postoperative hemorrhage after FESS in packing and no-packing groups. Our results showed that the regular use of nasal packing was not necessary to prevent postoperative bleeding complications in most patients and that nasal packing could be avoided by careful attention to pre-and intraoperative hemostatic measures. In this study, we meticulously performed electrocauterization by using a suction Bovie; then, the patients were awakened from general anesthesia without sinonasal packing after confirming that intraoperative hemorrhage was completely controlled.
As noted, many surgeons still consider nasal packing to be the safest strategy for controlling persistent bleeding after sinus surgery. 12 Attempts to limit patient discomfort related to packing and packing removal [3] [4] [5] have included the introduction of absorbable packing materials. 13, [22] [23] [24] In the present study, Surgicel was used as an absorbable packing material in the packing group. It is an oxidized cellulose preparation that is widely used because of its hemostatic effect and good tissue compatibility. Although absorbable nasal pack-ing materials are biodegradable, there is some concern about delayed postoperative healing related to foreign materials; such impairment may ameliorate if packing is not left behind in the sinonasal spaces after surgery. 25 Furthermore, a recent meta-analysis found that the use of nasal packing in the middle meatus does not significantly reduce the risk of adhesion formation after FESS. 26 Also, although the incidence of toxic shock syndrome is rare, nasal packing can raise the risk above baseline. 7, 17 Multiple risk factors, such as age, sex, Lund-Mackay score, hypertension, diabetes, asthma, allergic rhinitis, use of anticoagulants, and smoking, may be associated with postoperative bleeding. [27] [28] [29] Thus, we analyzed the effect of the electrocauterization and no-packing technique on the postoperative hemorrhage after adjusting for multiple putative confounding factors. None of the factors, except for old age, were associated with the risk of postoperative hemorrhage in both groups. In other words, severe sinusitis in terms of the Lund-Mackay score did not require packing; the presence of concomitant systemic diseases, such as asthma, hypertension, and diabetes mellitus, was not associated with postoperative bleeding; and, even use of anticoagulants was not associated with an increased risk of postoperative bleeding when medication was stopped 1 week before surgery. Thus, patient factors may not be significant risk factors for postoperative hemorrhage in no-packing cases after FESS. In the present study, it was possible to use the no-packing technique regardless of patient condition because the bleeding vessels were electrocauterized at the completion of surgery.
Our study had some limitations. First, the present study was not a randomized-controlled trial. Therefore, the study population was heterogeneous. We performed multivariate regression analyses to minimize the potential effects of confounding factors on outcomes. Second, the Surgicel packing technique and the electrocauterization and no-packing technique were not conducted in parallel. The packing technique was applied during the first half of the study period, and the no-packing technique was applied during the last half of the study period. However, because the packing technique was applied in the first place and the surgeon already had sufficient experience in sinus surgery, this limitation of time difference may not be a major confounder for the results. Third, because the difference in the primary bleeding rate approached statistical significance, a study with a larger sample is warranted to validate the statistical difference. Fourth, because this study focused on postoperative bleeding, we did not address the issues associated with recovery of the sinonasal cavity, such as synechia and stenosis. Therefore, the effect of the electrocauterization and no-packing technique on the healing process needs to be identified in a future study. Fifth, because silastic sheets were inserted, the phrase "no packing" might be potentially misleading. However, the expression "no packing" is only meant to convey that no packing was used for achieving hemostasis. 
CONCLUSION
Although the no-packing technique may be superior in several aspects, including cost, patient comfort, and prevention of postoperative infection, it seems to not be widely adopted because of safety concerns related to postoperative hemorrhage. The current study indicated that packing by using absorbable materials may not be required after FESS and that electrocauterization may reduce the risk of postoperative hemorrhage in cases in which the no-packing technique is used. However, a longitudinal of study is warranted to validate the result from this retrospective analysis. 
